Abstract: Current intensive agricultural practices, although highly successful in terms of production, have been found to be environmentally unsustainable. One of the crucial approaches to increase agricultural sustainability is the recycling of organic wastes, since these materials often contain many beneficial nutrients for soil and agriculture. Recently, pyrolytic conversion of biodegradable waste into charred material has gained global attention as an amendment to recycle nutrients while improving soil health. Increasing interest in the beneficial applications of pyrolyzed biomass has expanded multidisciplinary areas for science and engineering. The fertilizers used in this study were prepared by pyrolyzing mixtures of two abundant residues in Mediterranean areas: grape seeds and sewage sludge, in different proportions (100% GS, 75% GS-25% SS, 50% GS-50% SS, 25% GS-75% SS, 100% SS). In addition, fresh sludge was mixed with pyrolyzed grape seeds and included as an additional treatment. In this study, the positives and negatives of the application of biochars on agronomic potential and environmental risk have been addressed, taking into account P, Zn, Cu, Fe, As and Cd. In order to choose the best mixture, it is necessary to find a compromise between maximizing the beneficial elements that are translocated to the plant crop, as well as reducing the elements that are leached. Results of a 6-week greenhouse study indicated that the unpyrolyzed sludge mixture contained the largest amount of available nutrients Fe, Cu and P. In agreement, this treatment mixed with a Chromic Luvisol soil (40 ton/ha) increased the uptake of these elements in corn (Zea mays L.-LG ambitious). The yield also increased by 60% in this treatment. However, this mixture also contained more contaminants (As, Cd) which were extracted with Ammonium Bicarbonate-DTPA. According to our results, the treatments where grape seeds and sewage sludge were mixed at 50% and then pyrolyzed exhibited the optimal compromise between efficiency (nutrients uptake) and tolerable levels of potentially toxic elements in leachates.
Introduction
The FAO gives a central role to agriculture in order to achieve the Millennium objectives. By improving agricultural productivity and promoting better nutrition, the targeted reductions in worldwide poverty and hunger could be met [1] . However intensive agriculture does generate a large negative impact due to high levels of agriculture inputs, such as chemical fertilizers. These produce the highest yield of crops at the lowest possible cost [2] , thus maximizing food production. This is an the positive impacts of biochar application to soil [41, 42] . Nevertheless, more research is needed to critically evaluate biochar application to other soil types to improve plant yield and avoid negative environmental effects.
Numerous previous projects failed to fully investigate either nutrient supply versus contamination, or uptake versus leaching. Conversely, the purpose of this study was to produce different pyrolyzed materials based on mixtures of grape seeds and sewage sludge waste-both of which are abundant in Mediterranean agricultural areas-and to examine their agronomic potential and environmental impacts. This was carried out firstly by characterizing the pyrolyzed materials-as in previous studies in Spain [43] . Then, secondly, by testing them in pots with one typical Mediterranean agricultural soil with corn plants grown in the greenhouse. We hypothesized that increasing the ratio of grape seeds: sludge mixture would decrease the fertilization potential of the biochars but also reduce their environmental risks. These differences would impact nutrient availability to support crop growth and to minimize contaminant leaching.
Materials and Methods

Feedstocks
Two abundant organic wastes were selected for the production of pyrolyzed materials. Sewage sludge was provided by Ferrovial (Madrid, Spain). Its origin was from municipal wastewater treatment plants and was mixed with pruning waste compost used in agriculture and land restoration. Grape seeds, a residue from wine making, were supplied by the Department of Chemical Engineering of UAM (Madrid). Their main chemico-physical characteristics are shown in Tables 1 and 2 . Before pyrolysis, feedstocks were air dried. While grape seeds conserved their original particle size (approximately 10 mm) the sewage sludge was ground to <2 mm.
Pyrolyzed Materials
Five pyrolyzed materials were produced by mixing different proportions of sewage sludge and grape seeds (Table S1 ). The air-dried feedstocks were first homogeneously mixed and introduced in a rotary oven (CARBOLITE CB HTR11/150P8, Spain) under a nitrogen atmosphere (flow rate 1 L/min). The pyrolysis temperature ramp was programmed as follows: (1) linear heating at a rate of 10 • C/min from room temperature 22 • C to 400 • C; (2) isotherm for 1 h at the highest treatment temperature (HTT) of 400 • C (3) cooling down to ambient temperature (4 h in total). Table 1 . Characterization of the initial feedstocks (averaged value ± standard error; n = 3).
Feedstock
%C %H %N C/N pH EC (S/m) Grape seeds 53.6 ± 0.4 1.7 ± 0.1 6.8 ± 0.1 8 4.31 ± 0.03 0.0017 ± 0.0010 Sewage sludge 22.6 ± 0.1 3.5 ± 0.1 3.6 ± 0.1 6 4.88 ± 0.06 0.54 ± 0.01
Statistical differences have not been carried out because it is shown a characterization of different materials. Table 2 . Diethylenetriaminepentaacetic acid (DTPA)/CaCl 2 extractable and total concentrations of potentially toxic elements and P in initial feedstocks (mg/kg) (averaged value ± standard error; n = 2 or 3). An additional treatment, where raw sewage sludge was incubated with 100% grape seeds pyrolyzed material was also tested. This treatment will be referred to hereafter as the Incubated mixture. It consisted of a 50%-50% mixture (dry weight basis) of raw sewage sludge with pyrolyzed grape seeds. Deionized water was added to the mixture to reach 80% moisture (by 172 g water/kg of mixture) and pre-incubated for 15 days before its use as soil amendment. Pyrolyzed material elemental composition (C, H, N) was determined by automatic elemental analysis (LECO CHNS-932, Model 601-800-500, Isomass scientific Inc, Calgary, AB, USA). Dissolved organic C (DOC) was determined in 1:10 (w: v) water extracts (shaken for 4 h, centrifuged for 10min at 180 rpm and filtered (1238 Filter-Lab, 20-25 µm filters) with a TOC analyzer (Shimadzu Total Carbon Analyzer, TOC-V CSH, Kanagawa Japan). The pH and electrical conductivity were measured in 1:2.5 and 1:5 (w: v) suspensions, respectively. Soluble cation determination (Ca 2+ Mg 2+ , Na + ) was carried out following the procedure of Rayment et al., (2011) [44] and measured by Inductively Coupled Plasma spectroscopy ICP-OES (ICAP 6500 DUO/IRIS INTREPID II XDL, Thermo Scientific, Waltham, USA). Extractable micronutrients (Fe, Cu) and potentially toxic elements (As, Cd) in soil were measured after their extraction in a 1:5 (w: v) ratio with a solution of diethylenetriaminepentaacetic acid (DTPA) (0.02M) and CaCl 2 .2H 2 O (0.1M) [45] and analyzed by ICP-OES. For the determination of soluble P, 1 g of the pyrolyzed material was sequentially washed with twelve portions of water measuring 10 mL each. The volume-previously filtered (1238 Filter-Lab, 20-25 µm filters)-was later brought up to 250 mL [46] and determined using an ion chromatograph Dionex ICS-900. The concentration of total elements was determined by an acid digestion with HNO 3 (13.7 M) and H 2 O 2 (33% w: v) in autoclave at 125 • C and 24 kPa for 30 min [47, 48] . This was then measured with ICP-OES. The detection limits of the ICP-OES for As, Cd and P ranged from 1-10 µg/L.
As
Pot Experiment with Calcareous Soil and Corn
Pot experiments with corn (Zea mays L.-LG ambitious) were carried out at the greenhouse facility of the Department of Agricultural and Food Chemistry in the UAM. The greenhouse kept temperatures between 10 • C and 26 • C, relative humidity (37.8% to 89.7%), and a photoperiod of 12 h for the duration of the experiments (6 weeks during March-April).
Pots (methacrylate cylinders, size 3.2 cm diameter, 17 cm height with a mesh at the bottom) were filled with 600 grams (dry weight) of a 50%-50% mixture of Chromic Luvisol soil (Table S2) [49] , which had been previously cultivated with vineyards, and limestone. This was done in order to create aeration in the mixture. The different materials were added and homogeneously mixed with the soil at a 2% rate (dry weight basis) as individual treatments, equivalent to an agronomic dose of 40 ton/ha. A treatment without fertilization was included as a control. This made up a total of seven treatments (five pyrolyzed materials, the Incubated mixture and the control). Each treatment was replicated four times. The pots were spatially distributed in a randomized block design and moved to a new random location once a week. During the incubation, the pots were irrigated with 105 mL of deionized water to reach 80% of their field capacity. Regarding the seeds, these were previously germinated in controlled conditions (28 • C, 48 h). Secondly, two germinated plants of maize were sown in each pot. After a week, the germinated plants were later thinned to one plant per pot. The plants were watered regularly (every two days) with deionized water to maintain the soil at a moisture content of 80% of its field capacity (172 g water per kg of dry soil). No leaching was observed after each regular irrigation event.
A leaching experiment was conducted to evaluate the movement of potentially toxic elements present in the treatments. For this, 100 mL of extra-water (156% of its field capacity) was added to the pots after five and six weeks. The leachate was collected after each leaching event. Then, after being filtered, (1238 Filter-Lab, 20-25 µm filters) the corresponding samples were combined to make one sample to measure the cumulative leached elements (As, Cd, Cu, Fe and P) with ICP-OES.
After six weeks of growth, both the above and belowground corn biomass were harvested. The biomass was washed with deionized water and oven-dried at 70 • C in paper bags for 24 h. The dry matter yield was recorded and the dried samples were sieved to a fine powder using a mechanical Once the corn was harvested, the soil was oven-dried for 48 h at 70 • C, sieved to 2 mm and stored until further analysis. Soils were analyzed for pH, and soluble nutrients were extracted by the Ammonium Bicarbonate-DTPA method [50] , and measured by ICP-OES.
Data Processing and Statistical Analysis
The translocation of metals As, Cd and Pb to the aerial part was calculated according to the following equation: %Translocation = Dry weight Aerial part × Metal concentration in Aerial part BC weight added in the pot × Total metal concentration in that BC × 100
The percentage of fertilizer efficiency as the amount of nutrients initially applied in the pyrolyzed material that was taken up in shoots at harvesting was calculated with the following formula: 
The percentage of an element that was leached from the materials which are being analyzed was calculated as:
Collected volume of leachates × Metal concentration in those leachates BC weight added in the pot × Total metal concentration in that BC × 100 (3) In order to select the treatments which could be used most appropriately for agricultural applications, we compared the corresponding percentages of efficiency and leaching obtained by each treatment. Color codes were then used to illustrate the differing efficiencies among the treatments.
Firstly, in order to identify the results for "total efficiency" and "total leaching", a ranking scale was created. The scale consists of numbers 1 to 4. These were assigned to the different treatments according to the results from % Efficiency (Table S3 ) and % Leaching (Table S4 ). Number 4 refers to the treatment that obtained the highest percentage. Number three was given to the one that produced the second highest percentage and so on until number one was designated to the treatment with the lowest percentage.
The treatments were ranked by efficiency and leaching for the five different elements: Cu, Fe, P, As and Cd. Once these were applied, the rankings were then added up. These totals provided an overall score for each treatment for their total leaching and total efficiency.
Whereas, a higher number for total leaching indicates a greater environmental risk irrespective of the element, the evaluation of total efficiency differs depending on whether it is a contaminant or a nutrient. The color code system was then employed to illustrate the relative total efficiency and the relative total leaching for each treatment. Green represents the treatment which produced the most favorable results for the crop and the environment. Yellow for those that produced moderate results. Then, finally, red was given to the treatment that provided the least favorable results.
Nutrients: Efficiency: 1-4 (red), 5-8 (yellow), 9-12 (green) Leaching: 1-4 (green), 5-8 (yellow), 9-12 (red) Contaminants:
Efficiency: 1-3 (red), 4-6 (yellow), 7-8 (green) Leaching: 1-3 (green), 4-6 (yellow), 7-8 (red)
Statistics
All data was analyzed using a 1-way analysis of the variance (ANOVA) followed by a Tukey post-hoc test (p < 0.05) using SPSS. For non-normal data, a nonparametric test, such as the Games-Howell, was used.
Results
Pyrolyzed Materials Characteristics
Increasing the proportion of sewage sludge decreased the total C concentration (from 66% to 18%), the C/N ratio (from 21 to 8) and increased the EC (from 0.004 to 2.5 S/m) in the pyrolyzed materials ( Table 3) .
The degree of aromaticity, as determined by the H:C molar ratio, decreased with increasing sludge proportions (H:C increased from 0.69 to 0.90). The pH values ranged between 7 and 8, although the rise was not gradual, but sharp, occurring when both residues were mixed at equal proportions. Pyrolysis of materials increased the total concentration of micro-nutrients, P and potentially toxic metals (As, Cd) (Table 4 ) when compared to the original raw mixtures (Table 2 ). However, the pyrolysis process reduced the bioavailability of many of these elements (As, Cd, Cu and Fe). On the contrary, available phosphorus concentration increased after pyrolysis (Tables 2 and 4 ).
The Incubated mixture showed the highest concentrations of available micronutrients (Fe, Cu) and P, an intermediate C/N ratio and pH, and the lowest degree of aromaticity (highest H:C molar ratio). All of which demonstrates the low stabilization of this material [51] .
Pot Experiment with Corn
Two determinations were carried out to evaluate the response of maize to the pyrolyzed materials: biomass growth and element uptake. The Incubated mixture was the only treatment with a significant effect on plant growth; with an increase of 60% (Figure 1 ).
The Incubated mixture showed the highest concentrations of available micronutrients (Fe, Cu) and P, an intermediate C/N ratio and pH, and the lowest degree of aromaticity (highest H:C molar ratio).All of which demonstrates the low stabilization of this material [51] .
Two determinations were carried out to evaluate the response of maize to the pyrolyzed materials: biomass growth and element uptake. The Incubated mixture was the only treatment with a significant effect on plant growth; with an increase of 60% (Figure 1 ). Regarding element uptake, the cultivated plants with the Incubated mixture treatment had the lowest concentration of toxic metals -As and Cd -in their edible part (Table 5) . Table 5 . Total concentration of elements in the aerial part of corn plants (mg/kg) (averaged value ± standard error; n = 3 or 4). Regarding element uptake, the cultivated plants with the Incubated mixture treatment had the lowest concentration of toxic metals-As and Cd-in their edible part (Table 5) . 
As
Letters are comparing the treatments in each row. BDL: below the detection limit. Figure 2 shows the concentration of DTPA-extractable metals and P in soil at the end of the growth experiment. Whereas As and Cu concentrations did not vary significantly with respect to the Control treatment, Fe and P concentrations increased as the proportion of sludge increased. Despite having achieved the stabilization of micronutrients with pyrolysis (Table 4) , As and Cu leaching tend be higher in all soils treated with pyrolyzed materials in comparison to the Control soils (Figure 3 ), but no differences were significant. Regarding P, high concentrations were found in the leachates, with the highest value for the pyrolyzed material from 100% sewage sludge (Figure 3) . The Incubated mixture was, in general, the treatment with the highest concentration of metals and nutrients leached. Comparing all of the treatments, the soil with the Incubated mixture (followed by the material which is 100% sewage sludge) generally presented the highest increases of metals and P concentration with respect to the Control treatment.
Despite having achieved the stabilization of micronutrients with pyrolysis (Table 4) , As and Cu leaching tend be higher in all soils treated with pyrolyzed materials in comparison to the Control soils (Figure 3 ), but no differences were significant. Regarding P, high concentrations were found in the leachates, with the highest value for the pyrolyzed material from 100% sewage sludge (Figure 3) . The Incubated mixture was, in general, the treatment with the highest concentration of metals and nutrients leached.
leaching tend be higher in all soils treated with pyrolyzed materials in comparison to the Control soils (Figure 3 ), but no differences were significant. Regarding P, high concentrations were found in the leachates, with the highest value for the pyrolyzed material from 100% sewage sludge (Figure 3) . The Incubated mixture was, in general, the treatment with the highest concentration of metals and nutrients leached. Comparing the pyrolyzed materials, the mixture with 50% grape seeds -50% sewage sludge exhibited intermediate behavior regarding both leaching and efficiency (Tables 6 and 7 ). The Incubated mixture treatment showed the highest efficiency (Table S3) in the uptake of nutrients by plants, but also contributes the most pollutants and the most leaching (Table S4 ) due to its greater availability in the fresh sludge. Comparing the pyrolyzed materials, the mixture with 50% grape seeds-50% sewage sludge exhibited intermediate behavior regarding both leaching and efficiency (Tables 6 and 7 ). The Incubated mixture treatment showed the highest efficiency (Table S3 ) in the uptake of nutrients by plants, but also contributes the most pollutants and the most leaching (Table S4 ) due to its greater availability in the fresh sludge. Total efficiency (higher to lower score): green, yellow, red. Total leaching (higher to lower score): red, yellow, green. 
Discussion
Characteristics of the Pyrolyzed Materials
Although several studies have examined the pyrolysis of sewage sludge and its application in soil, few have looked into how blending (prior to pyrolysis) with other organic materials may affect biochar properties and behavior in the soil-plant system. As noted by other authors such as Rehrah et al. (2014) [52] and Liu et al. (2014) [7] , we found that pyrolysis led to an increase in pH relative to the initial materials. Furthermore, we observed that pH increased when higher proportions of sludge were added to the feedstock mixture. It is known that high temperature pyrolysis produces a rise in the concentration of inorganic elements, and the formation of basic surface oxides [53, 54] . The rise in material pH after pyrolysis is also due to the loss of acidic containing structures like acetic acid in the form of bio-oil [55, 56] . Likewise, the electrical conductivity increased with rising proportions of sludge, but remained lower than the conductivity of the Incubated mixture. The low salinity (with values of Ca, Mg and K in greater proportions than the values of Na (Table 3) implies that the pyrolyzed materials do not represent a risk for soil salinization in the long term. The low Na concentrations are noteworthy because this cation negatively affects the physical and chemical properties of soil, and crop yields [57] .
The total potentially toxic elements content was enriched in the pyrolyzed materials due to the concentration of ashes during pyrolysis [54] . However, the quantities of extractable elements (except Fe and P) were lower than those of the original feedstocks. As previously observed by other authors, the pyrolysis reduced the bioavailability of potentially toxic elements [58] . We found that increasing the proportion of sludge gradually increased the concentration of available Cu, Fe and P in the pyrolyzed materials, but not of available As and Cd, which stayed below 0.03 mg kg −1 . This has important implications for the safe use of sewage sludge in agriculture, since pyrolysis reduces the risk of As or Cd pollution by minimizing their availability [59] . The concentration of As in all materials was found to be below the limits of the most strict international regulations [60] . However, Cd concentration in the pyrolyzed 100% sewage sludge (1.7 mg kg −1 ) would surpass the European thresholds for soil amendments (1.4 mg kg −1 ). The maximum permitted concentrations of Cu according to European jurisdiction (143 mg kg −1 ) would be also exceeded for three pyrolyzed mixtures (100% sewage sludge, 75% sewage sludge-25% grape seeds and 75% grape seeds-25% sewage sludge). Therefore, it is prudent to ensure that potentially toxic elements do not create an environmental or health risk (leaching and transfer to crops).
The pyrolyzed materials showed a moderate fertilization potential. The concentration of N (between 2%-3%) decreased with respect to the original feedstocks and it is known that this N is embedded in recalcitrant C structures and mineralizes slowly in soil [61] . The Incubated mixture had similar N concentrations (2.8%), but N is in chemical forms more readily available to plants as this treatment contains unpyrolyzed sludge [5] . Therefore, the idea of developing a blended material in which one part was pyrolyzed-to provide the mixture with stability-while the other part (which hitherto had not been treated) contributed fresh nutrients, is of great agronomic interest [12] .
Regarding P, pyrolysis led to an increase of both total and available P concentrations in all pyrolyzed materials. These results are in line with other studies using sludge as feedstock for pyrolysis [62] [63] [64] and confirms the potential of pyrolyzed sludge as P fertilizer [34] .
Effects on Corn Production
Increased crop yields are one of the important anticipated benefits of using biochar, especially if the biochar is intended to be used as an organic fertilizer-as is true in our case. Several meta-analyses have summarized the results of hundreds of studies analyzing the relationships between biochar and crop productivity. For instance, Jeffery et al. (2011) [38] and Liu et al (2013) [39] estimated that crop productivity increased on average by 10 and 11% after the addition of biochar. While in 2013, Biederman et al. [65] reported a significant increase in both aerial biomass and crop yields with biochar application. However, there have also been reported cases where biochar caused a decrease in plant growth [66] or no change in yields [67] . This variability in the results is mediated by the properties of the applied biochars, as well as by soil properties. In our study, the application of pyrolyzed materials did not increase maize yield compared to the control treatment. This might be due to their low N availability, since maize is known to be a crop with high N demand [68, 69] . On the contrary, we observed an increase in plant growth-meaning the aerial part-of 60% for the Incubated mixture (Figure 1 ). This material showed the highest fertilizing potential due to the greater availability of micronutrients as well as the macronutrients P and N.
Several studies have identified that biochar applied to soils can increase the availability of some elements, particularly P [70] . Our study provides further evidence for this finding. Moreover, increasing the proportion of sludge in the feedstock mixture led to higher availability of both Fe and P in soil. Thus, the Incubated mixture and pyrolyzed 100% sewage sludge contributed the highest concentrations of available P in soil. This is not surprising, since both amendments supplied the highest direct P inputs to soil. However, we cannot discard a second mechanism, where the introduction of organic C to soil could decrease Ca-bound inorganic P, or reduce its sorption on soil colloids, rendering P more available [64] . Our study shows similarities to previous investigations regarding elements bioavailability in amended soils; for instance in the case of As [59] , Cd [71] and Cu [30] . On the other hand, less is known about the influence of biochar on Fe availability. Some studies did not find differences in Fe availability in soil after amendment with biochars from different wastes [72] . Whereas others, such as Speratti et al., (2017) [69] , found that Fe availability doubled after the application of sugarcane filtercake biochar in a tropical arenosol.
Our study shows that the different feedstock proportions (sludge: grape seeds ratio) as well as the option of pyrolysing the sludge (or adding it fresh) influenced the fertilizing potential of the final product. The Incubated mixture-followed by 100% sewage sludge-were the two combinations that showed the most potential in this sense, as demonstrated by the superior growth of the plants under these conditions. The plants cultivated with these treatments were those that absorbed the highest amount of P and micro nutrients from soil (Table S3 ). In the case of the Incubated mixture, this greater capacity for crop fertilization is probably due to the fact that the material had a higher concentration of P and micronutrients than the rest of the treatments. This suggests that there is a relationship between crop efficiency and the greater availability of elements in the material. Additionally, the high concentration of soluble organic carbon in the Incubated mixture influences the mobilization of metals [73] , since it causes solubilization. Consequently, these metals are more available for plant uptake. The accumulation of potentially toxic elements-(i.e., As, Cd, etc.)-is of great concern in agricultural production due to the potential threat towards human and animal health [7] . In other studies, potentially toxic elements and nutrients were retained by the biochar instead of being absorbed by the plants [74] , thus leading to suppressed plant growth. Conversely, our results show that our results show that the elements are taken up by corn. With respect to the translocation of metals to shoots, the As and Cd content has been evaluated based on the limits set by The European Commission (2013) [75] for graze feeding and determined that they do not present risk. Plants obtained with any of these treatments could, therefore, be used for animal feeding (Table 8 ). It must be remembered that the introduction of these toxic metals into the human diet is restricted [76, 77] ; hence, their concentration in the plants must be limited too. The most appropriate plants for human consumption are those which have been cultivated with the Incubated mixture treatment. This is due to the extremely low levels of As and Cd that are retained in the edible part of the plant when using this treatment. Indeed, these are the lowest levels in this study. This mitigation seems to be caused by the concentration-dilution effect due to changes in plant biomass in this experiment [78] , e.g., bigger biomass in some of the treatments. Table 8 . Percentage of translocation of elements to the aerial part (%) (averaged value ± standard error; n = 3 or 4).
Treatment
As ( 
The Environmental Impact of the Application of Pyrolyzed Materials in Agroecosystems
Excessive application of fertilizers, sludge or other materials to the soil has the potential to mobilize contaminants and nutrients. They reach the ground-water by runoff or by leaching, fertilizing them and causing eutrophication and a loss of water quality [79, 80] .
As occurs in the case of N [81] , P has been widely studied for the negative effects of its leaching [82] . The risk of P losses through leaching rises as the content of phosphorus in the soil increases [83] or as the soil becomes progressively saturated [84] . Another way in which biochar can affect soil elements is through the reduction of leaching losses [81] . Biochar's porous structure, large surface area, and negative surface charge [85, 86] increases the soil's cation exchange capacity. This allows for the retention of nutrients and contaminants [87] , thus delaying leaching [88] . Nevertheless, it has been observed in this project that a higher P leaching in pyrolyzed material treatments was presented compared to the Control.
Some previous studies, such as Lu et al. (2016) [89] , have assessed the concentration of potentially toxic elements in leachate of sewage sludge and biochar. Indeed, that particular study concluded that converting sewage sludge into biochar significantly reduces potentially toxic elements' leaching toxicity. However, few projects have scrutinized the environmental impact of the application of pyrolyzed materials in agrosystems. One study developed by Méndez et al. (2012) [43] analyzed the leaching of Cu and Cd in a sewage sludge biochar amended soil. Méndez's project, which mirrors findings in this project, showed that the risk of metal leaching decreases after treating the original materials. Although the pyrolyzed materials did not result in a significant decrease in leaching compared to the Control treatment, neither did it produce an increase. Both As and Fe are stable. The data shows no significant changes between the various treatments. Due to the combination of the studies carried out in this investigation, the most appropriate treatments can now be identified and utilized for future experiments. For instance, the treatments 50% grape seeds-50% sewage sludge and the 25% grape seeds-75% sewage sludge have shown an intermediate behavior of leaching and efficiency. On the other hand, the Incubated mixture is the treatment with the highest leaching of metals and nutrients, which indicates that pyrolysis is an efficient technology for sequestering metals and reducing the risk of leaching (Table S4) . As previously mentioned, the Incubated mixture had the highest concentration of metals and nutrients available in its composition. Although the greater availability was beneficial for the crop, it poses a risk to the environment; the uptake of elements by plants does not reduce the risks of leaching [90] .
Conclusions
Until now, there have been a great number of studies which have described how biochars, or incubated biochars, are a good source of nutrients for crops, following the idea of waste management. Nevertheless, these projects lack a global vision, in which nutrient supply versus contamination, as well as uptake versus leaching, are fully investigated. In this study, the positives and negatives of the application of biochars on agronomic potential and environmental risk have been addressed, taking into account P, Zn, Cu, Fe, As and Cd. Different materials have been produced based on total or partial pyrolysis of mixtures of grape seeds and sewage sludge wastes. Some products have shown different characteristics regarding their potential use as macro fertilizers (P) and micronutrients (Cu, Fe) sources. On the basis of the presented results, the recommended ratio of sludge:grape seeds treatment is 50% grape seeds-50% sewage sludge due to its intermediate behavior of leaching and efficiency. Nevertheless, in the agronomic trial, the Incubated mixture showed the highest corn biomass production as well as providing the plants with macronutrients and micronutrients. However, the environmental impact from the Incubated mixture was greater than the rest of the treatments. Therefore, the optimization of this material is considered a suitable option as a soil amendment for the future. This could be done by improving the ratio of pyrolyzed material:sludge to decrease leaching while maintaining fertility. This would provide a compromise between maximizing the elements that are translocated to the plant, along with reducing those that are leached. A reduction in the dosage of sludge compared to the pyrolyzed material in the incubation is expected in future investigations.
Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4395/9/7/406/s1, Table S1 : Different proportions of sewage sludge and grape seeds used, Table S2 : Characterization of the soil, Table S3 : Percentage of efficiency of elements (%) (averaged value ± standard error; n = 3 or 4), Table S4 : Percentage of lixiviation of elements (%) (averaged value ± standard error; n = 3 or 4). 
